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Abstract
Over two years, from 2015-2017, the Miami Conservancy District and Five Rivers Metroparks completed a project to
modify the low dam above Monument Avenue into a kayak chute and constructed a second, entirely new kayak chute
about one-half mile upstream near Riverscape Metropark in downtown Dayton, Ohio. Low dams have a negative
impact on river habitat by decreasing water velocity in the impoundment behind the dam. Physical habitat, which
should consist of alternating pools and riffles, is disturbed and replaced by deeper, slower-moving water that
accumulates deposits of sediment on the river bottom degrading its value as habitat. The conditions created by the dams
are detrimental to populations of fish and macroinvertebrates which prefer fast moving riffles, and substrates such as
gravel and cobble that are free of fine sediment deposits. In this project, we compared the current, post-modification
conditions to the pre-modification conditions to assess changes to the physical habitat and communities of fish and
macroinvertebrates. Pre-modification data collected by a previous thesis student, Sarah Stalder, will be used as the
baseline for comparisons. Fish were sampled using electroshocking techniques and macroinvertebrates were sampled
with Hester-Dendy artificial substrates, kick nets, and sweep nets. Samples were returned to the laboratory, processed,
sorted, and the number and types of organisms were recorded. Collection of samples for the current study took place
during the years of 2017 and 2018.
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Introduction
Low head dams can be defined as a constructed barrier, usually less than twenty
feet in height, spanning the full distance between banks of a river or stream (ICF
Consulting, 2005). Some low dams were built to compensate for fluctuations in river
level and river velocity. Others were built to help meet energy demands. Hydropower
produced by the flow of water through a dam, was used as a natural and sustainable
energy source. Trends in low dam installation demonstrated the popularity of some of the
above historical uses (McCully, 2001).
Over the past few decades, low dam removal has become increasingly common.
This is partly due to the fact that there was a peak in dam installation between the 1950s
and 1970s and most of these dams have a predicted life span of about fifty years; after
that, maintenance costs become a significant expense and often dam removal makes more
economic sense. The breakdown and disrepair or removal of many nearly fifty-year old
dams has now become an issue. Dam removals accelerated in the 1980s, with an even
higher spike in removals at the turn of the 21st century. Another factor leading to dam
removals has been an increase in river restoration efforts since removing these structures
usually results in improved water quality and physical habitat leading to improved
biodiversity (ICF Consulting, 2005).
There are six main reasons that low dams are removed: ecology, economics, dam
failure, recreation, safety, and for being unauthorized. Of these, ecology, economics, and
safety are most often the reasons for dam removals. Ecologically, dam removal has been
shown to restore rivers to a more free-flowing natural state. Low dams contribute to the
destruction of ecological habitats and lower water quality (ICF Consulting, 2005).
Removal is beneficial because it encourages the recolonization of more sensitive fish and
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macroinvertebrate species and allows for migratory fish to disperse unimpeded. Dam
removals improve biodiversity by improving physical habitat. This includes restoring
more natural water depths, increasing stream velocity, flushing out accumulated sediment
and returning the substrates in the stream channel to coarser material that favors
communities adapted to living in fast-flowing water (Bednarek, 2001). Economics play a
role in encouraging dam removal, as the cost-benefit analysis between repairing or
removing outdated structures often falls in favor of removal. Safety may be a major
factor in decisions regarding dam removal. The undertow produced by water flowing
over the dams is strong enough to drown even fully capable adults. This is particularly
dangerous for kayakers and canoeists whose boats may go over the dams (ICF
Consulting, 2005).
Literature Review
This project involves the modification of the Monument Avenue low dam near
downtown Dayton, Ohio. Instead of being fully removed, the structure was modified into
a kayak chute. Most low dams are removed in their entirety, with no structure remaining
to impair river flow, however 21% of them were only partially removed (ICF Consulting,
2005). The Kent Dam in Ohio, the Jackson Street Dam in Oregon, and Bosher’s Dam in
Virginia are all examples of some level of incomplete removal and these projects are
described in the next section.

Kent Dam – Cuyahoga River (Ohio)
The Kent Dam was built in 1836 to generate hydropower and stood 15 feet tall. It
was composed of a stone arch and a retaining wall. A major storm struck and destroyed
much of the dam’s structure in 1913, however it was repaired in 1925 and the
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supplementary concrete retaining wall was built. The stone arch remained a sort of icon
and a symbol of beauty in Portage County, making many town members reluctant to
agree to its removal, especially since it was protected under the Historic Preservation Act
(ODNR, 2010). Unfortunately, when the Ohio EPA performed a study called Total
Maximum Daily Load (TMDL) on the Cuyahoga River in 1999, it was found that the
impoundment had impaired water quality due to the dam causing the river to not meet
water quality standards. In 2004, the dam was converted- not removed- and stands today
as a waterfall, allowing the water to flow more freely and thus avoiding the
environmental fallout of a low dam. This was the compromise, due to the stone arch
being a historical landmark (ICF Consulting, 2005).
According to a post-modification study performed by the OHEPA in 2007, the
Invertebrate Community Index, (ICI) improved by an average of 28 points (OHEPA,
2008). Additionally, it is important to note that there was only one common carp
collected during their post-modification fish electroshocking, which shows significant
signs of improvement, allowing more intolerant fish species to colonize the river there.
Water quality standards have now been reached, justifying the extra effort made for the
modification (OHEPA, 2008).
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Figure 1. from ODNR Website: http://water.ohiodnr.gov/safety/dam-safety/kent-dam
Jackson Street Dam – Bear Creek (Oregon)
Built in 1960, the Jackson Street Dam stood 11 feet high and provided the Rogue
River Valley Irrigation District with a source of irrigation water, but it also prevented
fish, specifically salmon and steelhead, from migrating along the river channel. The
impoundment was visibly unnatural, and the water was thick with algae. Breaching the
dam, or partially removing it, seemed like a better idea than fully removing it, as it served
a purpose that the people of Medford, Oregon were unwilling to compromise on; i.e.,
irrigation. The breaching of the dam has improved many stream features since its
completion in 1998, including: restoration of the streambed, allowing for the unimpeded
migration of salmon, and a more aesthetic centerpiece in downtown Medford (ICF
Consulting, 2005).
Bosher’s Dam – James River (Virginia)
Bosher’s Dam was built in 1823 for powering grist mills and stood 10 feet high
(DGIF). In 1999, a vertical slot fishway was constructed within the dam to purposefully
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allow fish to enter. This has allowed the recolonization of fish in 137 miles of river from
which they had previously been isolated (ICF Consulting, 2005). Virginia Department of
Game and Inland Fisheries (VDGIF) performed fish counts that showed improvement in
population numbers, especially in a very desirable specie, the American shad, rising
nearly 500% between 1999 and 2002 (DGIF).

Figure 2. from VDGIF website:
http://www.dgif.state.va.us/fishing/embrey_dam.html
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Thesis
Title:
Analysis of change in the biodiversity of fish and macroinvertebrates following low dam
modification and kayak chute installation in the Great Miami River in downtown Dayton,
Ohio
Abstract:
Over two years, from 2015-2017, the Miami Conservancy District and Five Rivers
Metroparks completed a project to modify the low dam above Monument Avenue into a
kayak chute and constructed a second, entirely new kayak chute about one-half mile
upstream near Riverscape Metropark in downtown Dayton, Ohio. Low dams have a
negative impact on river habitat by decreasing water velocity in the impoundment behind
the dam. Physical habitat, which should consist of alternating pools and riffles, is
disturbed and replaced by deeper, slower-moving water that accumulates deposits of
sediment on the river bottom degrading its value as habitat. The conditions created by the
dams are detrimental to populations of fish and macroinvertebrates which prefer fast
moving riffles, and substrates such as gravel and cobble that are free of fine sediment
deposits. In this project, we compared the current, post-modification conditions to the
pre-modification conditions to assess changes to the physical habitat and communities of
fish and macroinvertebrates. Pre-modification data collected by a previous thesis student,
Sarah Stalder, will be used as the baseline for comparisons. Fish were sampled using
electroshocking techniques and macroinvertebrates were sampled with Hester-Dendy
artificial substrates, kick nets, and sweep nets. Samples were returned to the laboratory,
processed, sorted, and the number and types of organisms were recorded. Collection of
samples for the current study took place during the years of 2017 and 2018.
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Introduction
The Monument Avenue low dam was built in the 1970’s and stood approximately 5
feet tall, spanning 470 feet across the Great Miami River. One of the reasons it was
constructed was to provide an impoundment of water for aesthetic and recreational
reasons. It did not have a purpose related to flood control (Coldwater Consulting, 2013).
Five Rivers Metroparks and the Miami Conservancy District proposed a plan to modify
the Monument Avenue low dam into a kayak chute and to also install a second kayak
chute where no structure had existed before, in Riverscape Metropark about one-half mile
upstream of Monument Avenue in the heart of downtown Dayton. Modification of the
downstream, Monument Avenue dam into a kayak chute began in August 2015 and was
completed in 2016. The upstream kayak chute is an entirely new structure completed in
spring 2017.
We predicted the modification of the downstream dam into a kayak chute would
make the area safer for kayakers/canoeists by removing the dangerous “boil” or undertow
formed when water flows over the dam, and that improved habitats for aquatic biota
would result. Since the upstream chute was constructed in the upper reaches of the
impoundment created by the downstream Monument Avenue dam, it’s location improves
the physical habitat there with whitewater, large boulders, cobbles and faster stream
velocity. And, even though the upstream chute is about one-half mile above the lower
chute, its effects could positively impact the entire area. Assessing the overall
improvement will be accomplished by comparing fish and macroinvertebrate
communities after construction to the communities before construction work began.
Abiotic data was also compared to data collected before construction on the dam began.
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Pre-modification data from 2014 and 2015 was collected and analyzed by a previous
thesis student, Ms. Sarah Stalder.
We could find nothing in the published literature involving the environmental impacts
of the conversion of low dams into kayak chutes, which is a testament to the unique
nature of the study. Based on previous studies of low dam removals in the literature, it is
expected the biodiversity will improve with time, along with other environmental
parameters such as water quality and measures of the quality of the physical habitat.
Ideally, the study should be repeated every 2-3 years, to assess the long-term trends of the
effects of low dam modification and kayak chute installation.
Study Area
Sample sites for biological, chemical and physical data were located in an area
near the confluence of the Mad River with the Great Miami River near Riverscape
Metropark, to about one-half mile downstream just below the Monument Avenue bridge.
This region encompasses the large dam pool created by the Monument Ave kayak chute,
several riffle areas, and the two recently-constructed kayak chutes. The locations of the
two newly installed kayak chutes are shown in Figure 3. Data was collected at regions
above and below the downstream kayak chute, near the left bank, and directly below the
upstream kayak chute, near the right bank.
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Figure 3. Sampling locations in the Great Miami River, Featuring the Upstream and
Downstream Kayak Chutes.

Methods
Abiotic
QHEI
Physical characteristics of the river will also be compared using the QHEI, or the
Qualitative Habitat Evaluation Index. The QHEI is commonly used by the Ohio EPA to
place a value on a stream’s physical conditions. The QHEI considers substrate conditions,
stream cover, channel morphology, bank erosion/ riparian zone quality, pool glide and
riffle/run quality and gradient in its comprehensive assessment of habitat quality
(OHEPA, 2006). The QHEI evaluation was performed on October 4th, 2017. Data for the
QHEI was collected at areas above and below the Monument Avenue kayak chutes.
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Water Chemistry
Water chemistry data was taken during October and November of 2018, and
measurements were taken with two different instruments. The YSI meter allowed us to
measure dissolved oxygen and temperature. A handheld sampling PEN was also used to
collect further data such as conductivity, pH, and total dissolved solids. In order to obtain
this data, researchers traveled to sites on the river before 9am (to avoid falsely elevated
dissolved oxygen readings) at least three times per week in the months of September and
October. Samples for the water chemistry were taken at locations above and below the
Monument Avenue modified low dam/kayak chute.

Water Velocity
Water velocity readings were taken in October and November of 2018. The purpose of
this is to determine whether any significant change in the water velocity had occurred
between this sampling period and the one in 2014, before the low dam was modified. In
measuring velocity, a lightweight floating object was tossed in the river and held next to a
meter stick at a specified point near shore and timed for how long it took to move a
meter. This process was repeated three times at each location per sampling session in
order to obtain an average reading. This reading was taken based on guidelines set by the
United States Forest Service (USFS website). Weather factors such as wind and rain were
noted. Velocity readings were taken at six locations along the river, specifically at five
locations upstream of the kayak chute, and one location downstream of the chute.
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Biotic
Macroinvertebrates
Macroinvertebrates were collected using three different sampling methods: sweep
net, kick net, and Hester Dendy artificial substrate samplers. All three methods were able
to be used in the section of the river below the kayak chute, however only Hester Dendy
artificial substrate samplers were able to be used in the deep pools above the modified
low dam head.
Sweep nets are widely used for obtaining macroinvertebrate samples in rivers and
streams. The NRI document describes the correct technique for using a sweep net, which
simply includes checking the net for holes before use, and slowly moving the net from
side to side for a set amount of time or for a set distance (Tingle, 2002). Specimens are
quickly transferred to a 70% ethanol solution in a sealed jar in order to preserve them for
later processing. The material collected was assessed, and several samples required a
50% subsample. The material in the mason jar was then processed, which involves
picking the insects from the material and placing them in a separate vial, then identifying
the insects picked to the family-level. Sweep net sampling took place on September 29th,
2017. Sweep net sampling can only be conducted in shallow water locations, such as the
area below the chutes.
Kick net sampling is also a common sampling technique with a 64.5% usage by
government agencies, and a 24.7% usage by independent research studies for use in
streams and rivers (Merritt 26, Table 3D). Such a high level of utilization by research
professionals suggests that it has a high level of effectiveness and is a standard method
for collecting and analyzing data. One limitation for using the kick net sampling method
is that the water must be relatively shallow, so that specimens can be physically kicked
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into a net. Standard procedure for this type of sampling involves nudging the riverbed
upstream of the net with a foot to dislodge organisms from the ground and kick them
towards the held net (FBA, 2015). A 70% ethanol solution is used to preserve the
collected specimens. A 50% subsample may be required if the numbers of collected
organisms is too great. Similarly to the sweep net sampling, specimens are processed by
taking small samples from the jar, then picking insects from it using a dissecting
microscope, after which, they are sorted and identified to the family-level. Kick net
sampling took place on September 29th, 2017. Since kick net sampling has most of the
same requirements as sweep net sampling, it was convenient to perform it in the same
session, in the same locations. Further details on the standard operating procedures for
both kick and sweep net sampling can be found in the Ohio EPA document Benthic
Macroinvertebrate Sampling and Processing (2003a).
Artificial substrates, a group which includes Hester-Dendy artificial samplers, are
listed as being another somewhat popular method for sampling in rivers. They have an
8.9% usage by government agencies, and a 3.9% usage by those doing independent
projects (Merritt 26, Table 3D). Artificial substrates are routinely used by the Ohio EPA
for stream analysis. The procedure for using the artificial substrate is outlined in Ohio
EPA (2003a), which mentions that this type of sampling is ineffective when water levels
drop and expose the sampler, or if the water velocity drops to below 0.2 feet per second.
Additionally, the substrates must be placed in the river and remain submerged for at least
2-4 weeks. This allows for enough time for the macroinvertebrates to attach to the
substrates. After this time has passed, the substrates are carefully removed from the river
and submerged in a 70% ethanol solution for preservation until they can be processed.
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Processing the substrates involves disassembling them and using a brush to gently
remove the attached specimens from the material and running everything through a 500micron strainer (Central Valley, 2004). The goal of this is to remove the fine sediment
from the sample and keep only the large pieces for the process of picking. Picking and
identification is the same as outlined in the procedure describing sweep and kick net
samples. A 50% subsample may be taken before the picking process begins. Three Hester
Dendy artificial substrates were submerged on August 15th, 2017 at three different
locations. They were later collected on September 30th, 2017, thus being submerged for
slightly more than six weeks for optimal colonization. A Hester-Dendy artificial substrate
was placed in the impoundment above the Monument Avenue kayak chute, and another
was placed in the area directly below the chute. It was important, while choosing
placement of this downstream artificial substrate sampler, that the water was deep enough
that it would remain fully submerged for the six week colonization period.
The Macroinvertebrate Aggregated Index for Streams (MAIS) was used in the
analysis of the data that was collected. It involved the processing of samples, as
previously outlined, and identification to family-level (Johnson, 2007).

Fish

Fish data was collected using electrofishing methods described by the Ohio EPA

(OHEPA, 2003b). Electrofishing uses a pair of electrodes to create an electrical current
that temporarily stuns any fish in the immediate area. Merely stunning the fish allows
researchers to be able to release the captured fish after taking note of their taxonomic
identity, counts, and weight. The Ohio EPA (2003b) reported that electrofishing is
substantially less selective than other methods of fish data collection, including seining.
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This leads to a more thorough and accurate representation of the species in the river. This
project used both wadeable and boat electroshocking methods.
Wadeable shocking was performed in shallow areas below the kayak chutes. In
wadeable shocking, a generator is taken to the side of a river, and live wells are carried
out to the middle. Usually a team of 4 or 5 people are present, with at least two people on
the nets catching fish and emptying them into the live wells. One person is solely
responsible for making sure the cable does not get caught on anything in the riverbed, and
free movement is allowed. Another person is in charge of holding the equipment that
distributes the shock to the water, while the final person is responsible for toting the livewell. This method is only used in safely wadeable regions of the river, with researchers
venturing in no more than waist deep. The surveyed area for wadeable electrofishing was
in the shallow, rocky region below the Monument Avenue kayak chute. The wadeable
fish data was obtained on October 15th, 2017.
A second type of electrofishing, boat-shocking, allowed us to sample the deeper
sections of the river, such as the impoundment of deep, slow moving water above the
modified low dam turned kayak chute. A generator was set on a boat, and a live-well is
set in the center. There were two people who were responsible for catching the fish in
nets and putting them in the live wells, while one person was in charge of doing the
actual shocking with the cables. Another person was present to steer the boat. Boat
electrofishing samples were taken on August 27, 2018 and October 8th, 2018.
The Index of Biological Integrity (IBI) was used in the analysis of the fish data
that was collected. The IBI is an index used by the Ohio EPA which measures fish
communities in terms of quality of the fish living there. Several different metrics are used
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to quantify this data. The IBI requires the identification of fish to species level. This was
done before the fish were released back into the water, the same day they are caught.
From there, the numbers of each type of fish and relative abundances within each species
are calculated. This system considers twelve different metrics, including: total number of
species, number of tolerant species, and number of darters. Based on how an ecosystem
performs, it is assigned a score of 1 to 5 in each category for a total of anywhere between
twelve and sixty points. Our lab used a program designed by the Northeast Ohio Regional
Sewer District to assist in the IBI calculations.
Results
Abiotic
QHEI (Qualitative Habitat Evaluation Index)
The findings of the 2017 (post-modification) and 2015 (pre-modification) habitat
assessment survey are summarized in Table 1 below. QHEI field data sheets, metrics, and
scores for 2017 are presented in Appendix Table 1. Appendix Table 2 displays the 2015
QHEI field sheets and data. 2015 values were compiled before the modification to the
low dam head and are cited for comparison. Normal values/ranges for QHEI findings are
located in Appendix Table 3.
Table 1 – QHEI Comparison Above and Below Monument Avenue Kayak Chute
Date

QHEI Score

Evaluation

Above

Below

Above

Below

2017

60.5

73.0

“Good”

“Good”

2015

43.0

65.0

“Poor”

“Good”
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Water Chemistry
The results from the water chemistry sampling from 2018 and 2015 are
summarized in Table 2. Accepted water quality standards are presented in Appendix
Table 4.
Table 2 – Water Sampling Comparison Above and Below Monument Avenue Kayak
Chute
Site

Average

Average pH

Temperature

Average TDS

Average DO

Average

(ppm)

(mg/L)

Conductivity

(°C)

(μs)

Above Below Above Below Above Below

Above Below Above Below

2018

16.10

16.46

7.57

7.53

354.44 343.78 8.64

9.06

706.22 686.89

2015

16.24

15.67

8.02

8.20

353.18 348.50 8.03

8.66

671.33 686.79

Water Velocity
The 2018 results from the surface water velocity sampling using the float method
are summarized in Table 3. 2015 results are shown in Table 4, below.
Table 3 – Monument Avenue Water Velocity Data 2018
Above
Below
V1
V2
V3
V4
V5
V6
0.05
0.082
0.10
0.05
0.15
0.23
Readings
m/s
0.12
0.07
0.07
0.07
0.10
0.20
0.13
0.07
0.08
0.07
0.06
0.17
0.04
0.11
0.16
0.07
0.06
0.47
0.04
0.14
0.17
0.07
0.04
0.37
0.04
0.10
0.10
0.06
0.06
0.38
0.07
0.10
0.11
0.06
0.08
0.30
mean
cm/s
7
10
11
6
8
30
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Table 4 – Monument Avenue Water Velocity Data 2015
Above

Below

V1a

V2

V3

V4

V5

V6

0.25

0.07

0.08

0.10

0.08

0.20

Readings
m/s

0.25

0.07

0.08

0.08

0.08

0.20

0.20

0.07

0.08

0.07

0.08

0.17

mean

0.23

0.07

0.08

0.08

0.08

0.19

cm/s

23

7

8

8

8

19

a

High velocity due to water flowing around concrete gazebo steps, speeding up the
surface flow in the one spot.
Biotic
Macroinvertebrates
Kick and sweep net sampling resulted in the collection of 31 macroinvertebrate
families below the Monument Avenue kayak chute. The results of the MAIS calculations
for below Monument Avenue in both 2017 and 2014 are summarized in Table 5. Family
level taxonomic information and abundance collected are presented in Appendix Table 5
and 6, for 2017 and 2014, respectively. The guide used for providing evaluations,
adjusted for a stream similar in size, composition, and ecoregion to the Great Miami
River is provided in Appendix Table 7. This is based on a study performed by Johnson
(2007) which includes adjustments to the Macroinvertebrate Aggregated Index for
Streams (MAIS) for use in Ohio Streams.
Table 6 shows a separate and summarized comparison of 2017 Hester-Dendy data
to 2014 pre-modification data. 16 families of macroinvertebrates were collected above
the dam using this sampling method, and 13 were collected below the dam.
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Table 5 – MAIS of Above and Below the Monument Avenue Kayak Chute
Sample Site/Date

MAIS Score

Evaluation

Below 2017

12

“Good”

Below 2014

11

“Good”

Table 6 – Hester Dendy Artificial Substrate Comparison
Location

Total # Taxonomic

EPT Taxa

Groups
Below 2014

10

6

Below 2017

13

7

Above 2014

10

4

Above 2017

16

6

Fish

A total of 437 fish from 32 different species were caught in the impoundment

with boat electrofishing. A total of 90 fish from 15 different species were found below
the kayak chute with wadable electrofishing. Combined results from 2017-2018 and 2014
electrofishing are summarized in Table 7, below. Species lists and sensitivity level of
specimens collected for IBI comparison are presented in Appendix Tables 8 (2017-2018)
and 9 (2014).
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Table 7 – IBI Comparison Above and Below Monument Ave. Kayak Chute
Sample Site/Date
Monument Ave. –

IBI Score

Evaluation

Above

Below

Above

Below

51

40

“Exceptional”

“Good”

30

34

“Fair”

“Fair”

2018-Above
2017-Below
Monument Ave. –
2014-Above
2014-Below

Discussion
The outcome of our study is particularly interesting to the Miami Conservancy
District and Five Rivers Metroparks, because their organizations collaborated on the
planning and implementation of the project. Both the before and after studies of the Great
Miami River surrounding the newly placed kayak chutes were funded by them. It is
obviously important for environmentally concerned organizations to care about the
effects of their actions on the health of local ecosystems.
We predicted the modification of the low dam into a kayak chute would yield an
improvement in habitat conditions for aquatic life and make the area a safer place for
recreation. Based on the update on Five Rivers Metroparks’ website (2018), the safety
and recreation improvements seem to be successful. Pre-modification data from Sarah
Stalder’s thesis (Stalder, 2016), showed that the habitat surrounding the low dam was
degraded. In 2017 we wanted to show the changes, if any, were brought about by the low
dam modifications. We predicted improvements in water quality, physical habitat, and
biodiversity.
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Both the abiotic and biotic data suggests that the areas sampled in the Great
Miami River surrounding the kayak chute is improved in 2017. The greatest
improvement is seen in the area above the kayak chute, formerly the dam pool. The
Qualitative Habitat Evaluation Index (QHEI) showed a marked improvement from 2015
(QHEI=43.0: Table 1) to 2017 (QHEI= 60.5: Table 1). The overall score ranking went
from a “Poor” evaluation to a midlevel “Good” evaluation. The water is still
characterized as deep, and slower moving as compared to its below Monument Avenue
counterpart. Below the dam, the index indicated a small improvement between 2015
(QHEI=65.0: Table 1) and 2017 (QHEI=73.0: Table 1), although the ranking stayed at
“Good”. Improvement in both the above and below Monument Avenue scores can be
attributed to the presence of riffles, caused by larger substrate features on the stream
bottom such as gravel and cobble, as well as more unimpeded flow. Another metric
partially responsible for the change is less silt on the stream bottom. In 2015, this metric
decreased the overall index value due to higher levels of silt. In 2017, silt levels
decreased revealing sand and gravel, and increasing the metric’s score.
The water chemistry data was basically unchanged since 2015. In both 2015 and
2017, the water chemistry results showed good water quality at both the above and below
sampling sites. Ms. Stalder (Stalder, 2016) noted that dissolved oxygen levels were
mildly elevated below the dam, as compared to above the dam. This is probably caused
by the increased level of aeration of water going over the dam. This too, has remained
consistent following the modification of the Monument Avenue low dam into a kayak
chute. Interestingly, there was a slight elevation in the amount of aeration in the area
above the dam, from 8.03 in 2015 to 8.64 in 2018. This is indicative of a restoration of

P a g e | - 23 -

river conditions, as opposed to the more still, lake-like conditions previously present in
the dam pool (ICF Consulting, 2005). We acknowledge that our water chemistry data is
limited, however none of the data points raised any red flags in terms of unacceptability.
In finding a measure of acceptability, we used ranges standardized by Sharon Behar in
1996 in streams similar to the Great Miami River (Behar, 1996). A table reporting
accepted values is listed in Appendix Table 4.
The water velocities between 2015 and 2018 followed a predictable pattern. In
2015, sampling location V1, was an anomaly, and falsely elevated, caused by water
rushing around the steps of a gazebo. To correct for this, V1 was re-located slightly
downstream for sampling in 2018, correcting the velocity to a more normal level. To
some extent, velocity changes regularly, and we acknowledge that should a future study
be performed, there should be more sampling days to mitigate this potential sampling
bias. From the data collected, it seems that the water velocity is elevated as compared to
2015 in some sampling sites, but nearly the same, or slightly slower, in other sites. More
sampling should be done to confirm this trend.
The macroinvertebrate kick and sweep net data taken in September 2014 earned
the evaluation of “Good” (MAIS=11: Table 5) for the area below the Monument Avenue
low dam. The numerical scale by which evaluations of “Good” or “Fair” or
“Exceptional” are dependent on the ecoregion in which the river or stream sampled
exists. By this ecoregion, the MAIS score 11 is considered “Good”. New data collected in
September of 2017 shows a minor improvement in the MAIS score below the Monument
Avenue kayak chutes (MAIS=12: Table 5). Looking at the species lists provided in
Appendix Table 5 and 6, the number of EPT taxa has increased between 2014 (EPT taxa=
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8) and 2017 (EPT taxa= 11). EPT stands for Ephemeroptera (Mayflies), Plecoptera
(Stoneflies), and Trichoptera (Caddisflies). Looking at this metric is a good way to assess
habitat quality, as they are good indicators of a healthy ecosystem.
A separate set of data collected using Hester-Dendy (artificial substrate) samplers
allows for a direct comparison of the macroinvertebrate communities above and below
the dam. This is important to establish, as the MAIS index, using the kick and sweep net
samples, cannot offer this comparison (i.e., the water is too deep in the above dam site to
collect kick and sweep net samples used to calculate MAIS). In 2014, the Hester Dendy
placed below the dam allowed us to collect 10 families, 6 of which were EPT taxa. In
2017 Hester Dendy below Monument Avenue results showed an improvement. Three
more families and one more EPT taxa were collected. The above Monument Avenue
sampling site showed even more significant numbers. The total number of taxonomic
groups jumped up six between 2014 and 2017, and two extra EPT taxa were collected in
post-modification sampling. This improvement is slow, but typical. A comprehensive
review of previous dam removals across the United States has shown that it takes more
than 20 months following completion of construction to start showing significant
improvement in macroinvertebrate communities and suggested that habitat continued to
improve steadily throughout the 80 month period of their study (Carlson, 2018).
The fish data is where we first see major improvements between pre- and postmodification. In 2014, when sampling locations in the impoundment (above the dam) and
the more freely flowing region below the dam were measured, the Index of Biological
Integrity (IBI) evaluated both sites as “Fair” although the below dam site had a slightly
higher numerical score; (IBI=30: Table 7), and (IBI=34: Table 7), respectively. This
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makes sense, as the dam pool provides slower moving water and has a more significantly
degraded habitat, and therefore fish populations should follow suit. Interestingly, these
numbers are more similar than initially anticipated. Ms. Stalder suggests that the lower
than expected below dam IBI score could be explained by the high number of bluntnose
minnows caught, which deflate the score, as they are one of the most highly tolerant to
impacts.
Moving into 2017-2018 results, it was found that the above Monument Avenue
IBI score was classified as “Exceptional” (IBI=51: Table 7). This is the impoundment,
which is the area most negatively affected by the presence of a low dam, so it is not
surprising that following the modification into a kayak chute, it would also be the area
most affected by the change. 2014 boat electrofishing results showed that the
impoundment was home to many highly tolerant fish, notably the common carp. Since
then, the fish communities have improved remarkably, as evidenced not only by the jump
in the IBI score, but also in the drop in highly tolerant fish species. The common carp
sampled population dropped from fourteen percent of fish caught in 2014 to less than one
percent of fish caught in 2018. Accordingly, the number of intolerant and moderately
intolerant species, such as various darter species and redhorse species, increased. This is
also true of the below Monument Avenue site, to a lesser degree. While the below
Monument Avenue sampling location also improved since 2014, it has not changed quite
so dramatically. The IBI for below the kayak chute is classified as “Good” (IBI=40:
Table 7). In 2014, fifteen percent of the fish caught in the below dam area were bluntnose
minnows, a highly tolerant species. 2017 results revealed that bluntnose minnows now
made up less than eight percent of sampled individuals below the kayak chute.
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Furthermore, IBI data collection for above the chute was performed in 2018, whereas
wadable electrofishing below the chute was done in 2017. This one year gap could be
partially responsible for the large separation in the quality of fish communities in the
Above Monument Avenue sampling site as compared to the Below Monument Avenue
area.
To further complicate matters, another variable has entered the equation which
may be at least partially responsible for the positive trend. When the pre-modification
study was conducted, there was talk of an additional kayak chute being installed, but
unfortunately the timeline on that project was somewhat unclear, and sampling in that
area would have been difficult due to the depth of the water held in the impoundment.
Adding the second kayak chute to the river certainly did not cause a negative impact on
the environment. The so-called upstream kayak chute was an entirely new structure,
whereas the first chute was a modification of a low dam. This upstream chute added large
stones to the area surrounding it, increasing the quality of the water, and also the habitat
conditions for aquatic organisms. Considering this new addition may prove difficult. As
previously mentioned, no pre-installation data was collected. It is therefore difficult for us
to quantitatively discern whether the positive change seen in the fish populations can be
attributed to the first, or the second kayak chute on the Great Miami River. It is more than
likely that both kayak chute additions have had some form of a positive impact on the
habitat, but this is something which complicates the interpretation of our data.
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Figure 4. Pre-Dam Removal, Monument Avenue. Courtesy of J. Kavanaugh

Figure 5. Dam/Kayak Chute Construction Monument Avenue. Courtesy of J.
Kavanaugh
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Figure 6. Downstream Kayak Chute Monument Avenue Completed

Figure 7. Upstream Kayak Chute Riverscape Completed
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Future Directions
This study represents an evaluation of the physical, chemical, and biological
changes above and below Monument Avenue kayak chute following its conversion from
a low dam. Data has also been obtained for a preliminary study following the installation
of an upstream kayak chute in Riverscape Metropark, located just downstream of the
convergence of the Mad River with the Great Miami River in downtown, Dayton, Ohio.
This project has been a continuation of the study began by previous thesis student, Sarah
Stalder, and has compared her 2014-2015 data with the more recently collected 20172018 data.
Although it is important to note that the fish data has already shown significant
improvement, as of yet, the macroinvertebrate MAIS numbers have not improved
significantly. Much of the habitat recolonization, especially for macroinvertebrate
communities takes longer than a year. The post-modification sampling for the
downstream kayak chute was performed one year following the completion of
construction. Less than a year separated the completion of construction at the upstream
kayak chute. Because of this, ideally new studies should be performed at two years, five
years, ten years, etc. to get long-term understanding for what low dam removal or
modification means over time for fish and macroinvertebrate communities.
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Appendix Table 1
QHEI Metrics and Scores from Great Miami River Sites
2017
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Appendix Table 2
QHEI Metrics and Scores from Great Miami River Sites
2015
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Appendix Table 3
Table of Accepted Standards for QHEI Metrics
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From Ohio Environmental Protection Agency, 2006.
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Appendix Table 4
Accepted Water Chemistry Values for Ohio Region
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Table 4 Accepted Values for Water Chemistry Samples (Behar, 1996)
Parameter

Range

Temperature

9-25 °C

pH

6.5-8.0

Conductivity

150 to 500 µS/cm

Dissolved Oxygen

7-11 mg/L
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Appendix Table 5
Macroinvertebrate Families and Relative Numbers Collected from
Great Miami River 2017
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Table 5.1
GMR - MA Below
September 29, 2017

Code
E162
E198
E117
E197
E11C
E119
F014
F111
E189
E16F
E20
F110
E1210
E11D
E160
E170
E090
E130
E164
E092
E16H
50
E0A0
E1212
E103
E134
E1204
F003
E112
D2

Collection Method: Kick and Sweep Net
Abundance Feeding
Taxon
(n)
Group
Hydropsychidae
4347
CF
Chironomidae
2063
CG
Baetidae
1575
CG
Simuliidae
1025
CF
Tricorythidae
986
CG
Heptageniidae
556
SC
Pleuroceridae
241
SC
Corbiculidae
230
CF
Elmidae
199
SC
Glossosomatidae
148
SC
Hydracarina
110
PR
Sphaeriidae
81
CF
Calopterygidae
72
PR
Isonychiidae
62
CF
Hydroptilidae
58
MP
Pyralidae
15
SH
Talitridae
15
CG
Belostomatidae
12
PR
Philopotamidae
12
CF
Gammaridae
7
CG
Polycentropodidae
5
CF
Turbellaria
3
CG
Cambaridae
2
CG
Coenagrionidae
2
GN
Perlidae
2
PR
Veliidae
2
PR
Aeshnidae
1
PR
Ancylidae
1
SC
Caenidae
1
CG
Oligochaeta
1
CG

Habit
CG
BU
CG
CG
SP
CG
CG
BU
CG
CG
CR
BU
CL
CG
CR
CG
CR
CI
CG
CR
CG
GN
CR
CR
SK
CR
CG
SP
BU
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Table 5.2
GMR - MA Below
September 30, 2017
Collection Method: Hester-Dendy
Taxon
Abundance (n)
Hydropsychidae
1096
Baetidae
223
Heptageniidae
144
Simuliidae
54
Isonychiidae
22
Calopterygidae
4
Hydroptilidae
4
Pyralidae
4
Pleuroceridae
2
Physidae
2
Philopotamidae
2
Tipulidae
2

Table 5.3
GMR - MA Above
September 30, 2017
Collection Method: Hester-Dendy
Taxon
Abundance (n)
Pleuroceridae
217
Heptageniidae
174
Hyalellidae
102
Tricorythidae
32
Elmidae
11
Simuliidae
4
Polycentropodidae
4
Hydropsychidae
4
Sphaeridae
2
Caenidae
2
Lestidae
2
Erpobdellidae
1
Physidae
1
Coenagrionidae
1
Hydroptilidae
1
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Appendix Table 6
Macroinvertebrate Families and Relative Numbers Collected from
Great Miami River Sites 2014
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Table 6.1
GMR - MA Below
September 10, 2014
Collection Method: Kick and Sweep Net
Abundance Feeding
Code
Taxon
(n)
Group
E162
Hydropsychidae
24752
CF
E117
Baetidae
4795
CG
E198
Chironomidae
4274
CG
E197
Simuliidae
1479
CF
E189
Elmidae
500
SC
E090
Talitridae
456
CG
E160
Hydroptilidae
357
MP
E11C
Tricorythidae
298
CG
E170
Pyralidae
281
SH
F110
Sphaeriidae
143
CF
F014
Pleuroceridae
114
SC
E192
Tipulidae
110
SH
E16H
Polycentropodidae
100
CF
E20
Hydracarina
86
PR
E119
Heptageniidae
77
SC
E19J
Empididae
55
PR
E1211
Lestidae
55
PR
E134
Veliidae
48
PR
F000
Physidae
16
CG
E132
Gerridae
15
PR
F111
Corbiculidae
10
CF
E187
Psephenidae
6
SC
E110
Ephemeridae
5
CG
50 Turbellaria
3
CG
E130
Belostomatidae
2
PR
E19B
Tabanidae
2
PR
E199
Ceratopogonidae
1
PR
E183
Gyrinidae
1
PR
E184
Hydrophilidae
1
PR
E163
Rhyacophilidae
1
PR

Habit
CG
CG
BU
CG
CG
CR
CR
SP
CG
BU
CG
BU
CG
CR
CG
CR
CL
SK
SP
SK
BU
CG
BU
Cl
BU
Bu
GN
GN
CR
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Table 6.2
GMR - MA Below
September 10, 2014
Collection Method: Hester-Dendy
Taxon
Abundance (n)
Hydropsychidae
933
Chironomidae
746
Heptageniidae
228
Baetidae
100
Tricorythidae
58
Pleuroceridae
10
Polycentropodidae
8
Elmidae
2
Pyralidae
2
Hydroptilidae
1

Table 6.3
GMR - MA Above
September 10, 2014
Collection Method: Hester-Dendy
Taxon
Abundance (n)
Chironomidae
1259
Heptageniidae
318
Talitridae
104
Lestidae
26
Tricorythidae
25
Polycentropodidae
22
Hydropsychidae
20
Elmidae
8
Pleuroceridae
5
Viviparidae
1
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Appendix Table 7
MAIS Value Standards Used for Evaluation
Southeastern Ohio Reference Point
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Appendix Table 8
Fish Species and Relative Numbers Collected from
Great Miami River Sites 2017-2018
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Code
20-003
40-005
40-008
40-009
40-016

43-001
77-003
77-004
77-006
43-013
43-044
70-001
77-012

Table 8.1
GMR – Above Monument Ave. Dam
August 27, 2018 and October 8, 2018
River Mile 81.10
Collection Method: Boat Electrofishing
Drainage Area: 2600 miles2
0.5km
Species
Number
Pollution Tolerance
Dorosoma
62
-cepedianum Eastern
gizzard shad
Carpiodes cyprinus
23
-Central quillback
carpsucker
Moxostoma
1
Moderately Intolerant
anisurum Silver
redhorse
Moxostoma
47
Common Intolerant
duqesnei
Black redhorse
Catostomus
18
Highly Tolerant
commersonii
Common white
sucker
Cyprinus carpio
3
Highly Tolerant
Common carp
Ambloplites
5
-rupestris
Northern rockbass
Micropterus
25
Moderately Intolerant
dolomieui
Smallmouth bass
Micropterus
5
-salmoides
Largemouth bass
Semotilus
1
Highly Tolerant
atromaculatus
Creek chub
Campostoma
1
-anomalum Central
stoneroller
Labidesthes sicculus
1
Moderately Intolerant
Brook silverside
Lepomis
3
-microlophus Redear
sunfish
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80-011
40-013
40-016
40-010
40-023

43-021
43-025
43-032
43-034
43-043
47-007
77-008
77-009

77-011
80-003
80-005
80-014

Percina caprodes
Northern logperch
darter
Moxostoma
carinatum River
Redhorse
Hypentelium
nigricans Northern
hog sucker
Moxostom
erythrurum
Golden redhorse
Moxostoma
breviceps
Smallmouth
redhorse
Notropis photogenis
Silver shiner
Luxilus
chrysocephalus
Striped shiner
Cyprinella
spiloptera Spotfin
shiner
Notropis stramineus
Sand shiner
Pimephales notatus
Bluntnose minnow
Pylodictis olivaris
Flathead catfish
Lepomis cyanellus
Green sunfish
Lepomis
macrochirus
Northern bluegill
sunfish
Lepomis megalotis
Longear sunfish
Perca flavescens
Yellow perch
Etheostoma
maculate Blackside
darter
Etheostoma nigrum
Johnny darter

6

Moderately Intolerant

17

Intolerant

40

Moderately Intolerant

74

Moderately Intolerant

13

Moderately Intolerant

20

Common Intolerant

4

--

4

--

12

Moderately Intolerant

4

Highly Tolerant

2

--

2

Highly Tolerant

13

Moderately Tolerant

18

Moderately Intolerant

1

--

3

--

5

--
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80-015
80-022

Code
40-008
40-010
40-015
43-021
43-025
43-043
77-003
77-004
77-006
80-011

Etheostoma
blenniodes
Greenside darter
Etheostoma
caeruleum Rainbow
darter
Totals

2

Moderately Intolerant

2

Moderately Intolerant

437

Table 8.2
GMR – Below Monument Ave. Dam
October 15, 2017
River Mile 80.60
Collection Method: Longline Electrofishing
Drainage Area: 2511 miles2
0.052km
Species
Number
Pollution Tolerance
Moxostoma
1
Moderately Intolerant
anisurum Silver
redhorse
Moxostoma
28
Moderately Intolerant
erythrurum Golden
redhorse
Hypentelium
5
Moderately Intolerant
nigricans Northern
hog sucker
Notropis photogenis
4
Common Intolerant
Silver shiner
Notopis
11
-chrysocephalus
Striped Shiner
Pimephales notatus
7
Highly Tolerant
Bluntnose minnow
Ambloplites
1
-rupestris Northern
rockbass
Micropterus
3
Moderately Intolerant
dolomieui
Smallmouth bass
Micropterus
1
-salmoides
Largemouth bass
Percina caprodes
7
Moderately Intolerant
Northern logperch
darter
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80-014
80-015
80-022
80-016
80-023

Etheostoma nigrum
Johnny darter
Etheostoma
blenniodes
Greenside darter
Etheostoma
caeruleum Rainbow
darter
Etheostoma zonale
Banded darter
Etheostoma
spectabile
Orangethroat darter
Totals

12

--

1

Moderately Intolerant

3

Moderately Intolerant

3

Intolerant

3

--

90
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Appendix Table 9
Fish Species and Relative Numbers Collected from
Great Miami River Sites 2014
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Code
20-003

25-002
40-005
40-008
40-009
40-011
40-016

43-001
43-020

47-002
77-001
77-003

Table 9.1
GMR – Above Monument Ave. Dam
September 17, 2014
River Mile 81.10
Collection Method: Boat Electrofishing
Drainage Area: 2511 miles2
0.5km
Species
Number
Pollution
Tolerance
Dorosoma
83
-cepedianum
Eastern gizzard
shad
Oncorhynchus
1
-mykiss Rainbow
Trout
Carpiodes cyprinus
9
-Central quillback
carpsucker
Moxostoma
7
Moderately
anisurum Silver
Intolerant
redhorse
Moxostoma
5
Common Intolerant
duqesnei
Black redhorse
Moxostoma
1
Moderately
macrolepidotum
Intolerant
Shorthead redhorse
Catostomus
1
Highly Tolerant
commersonii
Common white
sucker
Cyprinus carpio
21
Highly Tolerant
Common carp
Notropis
2
-atherinoides
Common Emerald
shiner
Ictalurus punctatus
1
-Channel catfish
Pomoxis annularis
1
-White crappie
Ambloplites
4
-rupestris
Northern rockbass
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77-004
77-006
80-002
80-011
40-013
77-005

Code
20-003
40-010
40-015
40-016

43-013

Micropterus
dolomieui
Smallmouth bass
Micropterus
salmoides
Largemouth bass
Sander vitreus
Walleye
Percina caprodes
Northern logperch
darter
Moxostoma
carinatum River
Redhorse
Micropterus
punctulatus
Spotted bass
Totals

4

Moderately
Intolerant

3

--

1

--

1

Moderately
Intolerant

2

Intolerant

2

--

149

Table 9.2
GMR – Below Monument Ave. Dam
September 26, 2014
River Mile 79.70
Collection Method: Longline Electrofishing
Drainage Area: 2511 miles2
0.052km
Species
Number
Pollution
Tolerance
Dorosoma
41
-cepedianum Eastern
gizzard shad
Moxostoma
2
Moderately
erythrurum Golden
Intolerant
redhorse
Hypentelium
1
Moderately
nigricans Northern
Intolerant
hog sucker
Catostomus
0
Highly Tolerant
commersonii
Common white
sucker
Semotilus
4
Highly Tolerant
atromaculatus Creek
chub

P a g e | - 60 -

43-021
43-039
43-043
43-044
77-003
77-004
77-006
77-009
77-013
80-005
80-011
80-014
80-015
80-016
80-022
90-002

Notropis photogenis
Silver shiner
Ericymba photogenis
Silverjaw minnow
Pimephales notatus
Bluntnose minnow
Campostoma
anomalum Central
stoneroller minnow
Ambloplites rupestris
Northern rockbass
Micropterus
dolomieui
Smallmouth bass
Micropterus
salmoides
Largemouth bass
Lepomis macrochirus
Northern bluegill
sunfish
Lepomis gibbosus
Pumpkinseed sunfish
Etheostoma maculate
Blackside darter
Percina caprodes
Northern logperch
darter
Etheostoma nigrum
Johnny darter
Etheostoma
blenniodes Greenside
darter
Etheostoma zonale
Banded darter
Etheostoma
caeruleum Rainbow
darter
Cottus bairdi Mottled
sculpin
Totals

22
1

Common
Intolerant
--

25

Highly Tolerant

9

--

5

--

1

Moderately
Intolerant

1

--

3

Moderately
Tolerant

1

Moderately
Tolerant
--

2
1

Moderately
Intolerant

5

--

7

Moderately
Intolerant

1

Intolerant

36

Moderately
Intolerant

1

--

172

